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Abstract 
One of the most important goals of mathematics learning is to enhance mathematical knowledge, which includes mathematical 
concepts and skills in problem solving. Thus, efforts to achieve these goals have increased.  The purpose of this study was to 
assess the cognitive strategies and Algebra problems solving performance among university students. The design adopted for this 
study was a descriptive correlation design. The subjects of this study were selected from First Year mathematics students who 
took Algebra course in a public university in Malaysia. The Cognitive Strategy Questionnaire, which comprised of 18 items, was 
used to assess the students’ specific cognitive strategy for solving the given Algebra problems. Algebra problem solving 
performance was measured using a test which included routine and non-routine problems, based on the topics covered in the 
course. The results showed that there is no significant correlation between Algebra problem solving performance with shallow 
cognition strategy (r =  -.134, p>0.05). Similarly, there is no significant relationship between the students’ performance with deep 
cognitive strategy (r = .124, p>0.05). Results also showed that there is significant and strong relationship between students’ 
Algebra problem solving performance and overall performance in the course (r = .721, p<0.05). Findings also revealed that there 
was positive and moderate significant correlation between overall meta-cognitive strategies and performance of Algebra problem 
solving (r = 0.394, p<0.05). In addition, there was a significant positive and moderate relationship between overall meta-
cognitive strategies with overall performance in the course (r = .390, p<0.05). Specifically, there is significant relationship 
between overall performance in the course and all three subscales of meta-cognition (knowledge, planning and evaluation). In 
conclusion, meta-cognitive strategies may have impact on mathematical performance among university students whilst cognitive 
strategies indicated minimal impact.  
 
© 2010 Published by Elsevier Ltd. 
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1. Introduction  
 
The teaching and learning of problem solving has always been a fundamental and vibrant field of research since 
early 1980 and to date in 2009. Since learning with understanding is generative and improves transfer, learners 
might apply the acquired knowledge to learn new topics and to solve new problems (Hiebert & Carpenter, 1992). 
According to De Corte, Verschaffel and Op’t Eynde (2000) “learning is a constructive, cumulative, self-regulated, 
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goal-oriented, collaborative, and individualized process of knowledge building and construction of meaning” (p. 
690). Thus many researchers are interested in finding ways to enhance the effectiveness of students’ learning. 
Previous researches have shown that learning process or activity influences meaningful cognitive strategies, which 
in turn influences academic achievement (Greene & Miller, 1996). When students gain new information, they use 
various cognitive and meta-cognitive strategies to help them encode, organize and retrieve new information 
(Somuncuoglu & Yildirim, 1999). Cognitive strategies are classified into two types namely, surface cognitive 
strategies and deep cognitive strategies. Surface cognitive strategies refer to rehearsal, involving the repetitive 
rehearsal and rote memorization of information, which helps to encode new information into short-term memory, 
mainly through reading the course material over and over again. On the other hand, deep cognitive strategies 
pertains to elaborating, organizing and critical thinking, involve challenging the veracity of information encountered 
and attempting to integrate new information with prior knowledge and experience, which facilitates long-term 
retention of the target information for example making an outline of important concepts after a learning session. 
 
Some studies have been conducted to show the relationship between performance goals and the use of deep 
cognitive strategies among college students. The results indicated that performance goals are consistently unrelated 
to students’ use of deep cognitive strategies. However, Elliot et al. (1999), Pintrich (2000) and Wolters (2004) 
mentioned that most of the research on the relationship of performance goals and study strategies did not distinguish 
between approach and avoidance versions of performance goals. Wolters (2004) distinguished between approach 
and avoidance versions of performance goals and found that there is positive relationship between performance 
approach goals and deep cognitive strategies. The repetitive rehearsal and rote memorization of information are 
characteristics of surface approach processing. It is assumed by theorists that surface processing is integral to the 
development of a comprehensive knowledge base. Memorization of information is provided in academic exams of a 
course. Sometimes the surface cognitive strategies are necessary for examinations, such as multiple-choice tests or 
exam questions which are not meant to test deep understanding or integration of the material. Therefore, positive 
relationship exists between approach and avoidance performance-goals with students’ use of surface cognitive 
strategies. Several studies reported that performance goals are positively related to students’ use of surface cognitive 
strategies (Elliot et al. 1999). In addition, Dupeyrat and Martiné (2005) indicated that performance-approach goals 
had positive relationship with students’ use of surface cognitive strategies.    
 
The concept of metacognition was introduced by Flavell as a concept of intelligent structuring and storage of input, 
of intelligent search and retrieval operations, and of intelligent monitoring and knowledge of these storage and 
retrieval operations - a kind of 'meta- memory' (Flavell, 1971 p. 277). Thus, he conceptualise metacognition as the 
notion of thinking about one's own thoughts. According to Flavell, metacognition includes the awareness about what 
one knows - “metacognitive knowledge”,  what one can do - “metacognitive skills” and what one knows about his 
own cognitive abilities - “metacognitive experience”. Using Flavell's words, metacognition is "knowledge and 
cognition about cognitive phenomena" (Flavell, 1979 p. 906). 
 
Earlier studies forwarded meta-cognition as consisting of four important meta-cognitive strategies in mathematical 
problem-solving, including prediction, monitoring, planning and evaluation (Brown, 1980; Desoete, Roeyers, & 
Buyse, 2001). Prediction as a meta-cognitive strategy enables the student to differentiate difficult problem from easy 
ones. Monitoring ensures that students are closely following their plan and tracking whether the plan is helping to 
successfully solve the problem. Planning helps the student analyze the problem, retrieve relevant domain-specific 
skills, and properly sequence problem solving strategies. Evaluation of the problem is placed at the end of the 
process, in which the student judges the answer and the process taken to obtain the answer. Planning strategies 
enable problem solvers to determine which sub-goals must be obtained and in what order (Derry and Hawkes, 
1993).  
 
Elaboration consists of summarizing, creating analogies, paraphrasing and generative note taking. They help to 
encode new information with the existing knowledge in long term memory(Ormrod, 1999; Woolfolk, 1998; 
McCown & Roop, 1992).Organization refers to selecting main ideas, outlining, networking, drawing up tables or 
charts and diagramming. They help to analyze new information in terms of the relationship among ideas and 
transferring this information into different modes of representation (Somuncuoglu & Yilidirim, 1999). Students who 
employ elaboration and organization engage at deep level of processing. They are able to recall the information 
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easily later as more elaborate encoding of information produces better learning and recall (Rogers, 1994). According 
to Cassidy (2000), cognitive strategies have been shown to be important components of performance.  
Miller (1996) in his research illustrated that there is a positive relationship between deep cognitive strategy and 
mathematics achievement (r = 0.26, p<.001).  However, the correlation between shallow cognitive strategy and 
mathematics achievement did not reach any statistical significance. In addition, Albaili (1998) indicated that 
undergraduates with high academic achievement utilized shallow cognitive strategies. Although many studies exist 
on cognitive strategies and performance, only a few investigate the relations between these two components (Ainley, 
1993; Graham & Golan, 1991; Nolen & Haladyna, 1988; Pintrich & Garica, 1991).  
 
According to Montague and Applegate (2003) mathematical problem solving is derived from research in general 
problem solving, mathematical problem solving, metacognition, and affective variables associated with problem-
solving performance. The cognitive strategies and processes (i.e., specific problem-solving strategies) are read, 
paraphrase, visualize, hypothesize, estimate, compute, and check. The metacognitive strategies and processes that 
develop awareness and regulation of the cognitive strategies include self-instruction, self-questioning, and self-
monitoring. They further explained that the instructional application of mathematical problem solving has four 
components: (a) assessing student performance and identifying students for whom the instructional program is 
appropriate; (b) explicitly instructing students in the acquisition and application of strategies for mathematical 
problem solving; (c) process modelling; and, (d) evaluating student outcomes, with an emphasis on strategy 
maintenance and generalization. 
 
Thus far, in investigating performance in mathematical problem solving, the role and impact of the cognitive 
strategy and metacognitive strategy in mathematical activity may enlighten teaching and learning of mathematics. In 
pursuit of enhancing mathematics learning for, this study seek to investigate and assess:   
1. The students’ level of cognitive strategy (deep versus surface) related to mathematical learning. 
2. The students’ level of meta-cognitive strategy in) related to mathematical learning. 
3. The students’ level of each subscale of meta-cognitive strategy (knowledge, planning and evaluation) 
related to mathematical learning. 
4. The relationship between students’ level of shallow cognitive strategy with algebra problem solving 
performance. 
5. The relationship between students’ level of deep cognitive strategy with algebra problem solving 
performance. 
6. The relationship between students’ level of meta-cognition and its subscales with algebra problem 
solving performance. 
 
2. Methodology 
 
The research design adopted for this study was the descriptive correlation design in examining the possible 
influences of both cognitive and metacognitive strategies of respondents on the mathematical problem solving 
ability. Cognitive strategy and metacognitive strategy were assessed by using self-report instruments. The 
mathematical problem solving measure was an Algebra Test consisting of routine and non- routine problems and 
overall scores obtained for the course. The subjects of this study were selected from first year students who took 
Algebra (MTH 3200) course in one of the public university in Malaysia. Three groups of students had taken this 
course. Two groups totalling of 86 students were then selected randomly (two out of three groups). The students 
involved were mathematics major and also mathematics majors with education. 
 
The cognitive strategy instrument assess two types of cognitive strategies: surface cognitive strategy (referring to 
rehearsal, i.e. highlighting, underlining, copying, repeating items in a list) and deep cognitive strategy (referring to 
elaboration, i.e. paraphrasing, summarizing, creating analogies, and generative note-taking, that help integrating new 
information with the existing knowledge in long-term memory, and organization such as selecting main ideas, 
outlining, networking, and diagramming, that help analyzing the information in a text, in terms of the interrelations 
between ideas and transferring this information into different modes of representation). The students were asked to 
respond to each statement with regard to their common practices during learning algebra and solving algebra 
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problems using a five-point Likert scale ranging from “1 - never” to “5 = very often”. The Metacognitive Awareness 
Inventory (MAI) comprised of 52 items was used to assess students’ opinions concerning the occurrence of meta-
cognitive activities (such as self-instruction, self-questioning, and self-monitoring) while solving algebra problems 
throughout the MTH 3200 course. The students were required to either give a ‘true’ or ‘false’ response to each item. 
 
Algebra problem solving performance was measured using a test based on problems discussed in their tutorial class.  
This test included of seven algebra questions - four questions were routine problems and three questions were non-
routine problems. Based on some definition, non-routine algebra problems are problems that require creative and/or 
critical thinking. A solution to this type of mathematics item necessitates the application of knowledge, previous 
experience, and/or intuition. A non-routine problem can also be a verbal or word problem, for which an algorithm 
has not been learned (Barson, 1986, p.10). In this study, non-routine problems are problems which students 
previously were not familiar in their classroom and solving them requires them to be inventor, whilst the routine 
problems are common algebra problems used in the class. Algebraic mathematical achievement was also measured 
and based on the cumulative final score of the MTH 3200 course taken by the students during the semester. 
 
3. Findings 
A total of 88 sets of questionnaires and test were collected. From the 88 respondents 85.2% were females and 14.8% 
were males. Majority of the student respondents were Malay students (71; 80.7%) followed by Chinese students (15; 
17%) and there were a few respondents as other ethnic (2, 2.3%). The respondents’ major was mathematics with one 
group enrolled in Bachelor of Science degree and the other enrolled in Bachelor of Science with Education. A total 
of 42 respondents (47.7%) were from Bachelor of Science and 46 respondents (52.3%) were from Bachelor of 
Science with Education. 
3.1      Students’ level of cognitive strategy and algebra problem solving performance 
Table 1 indicated descriptive measures of students’ level of cognitive strategy. Findings indicated that students’ 
shallow cognitive strategy with mean of 3.69 was higher than their deep cognitive strategy with mean of 3.46. This 
may indicate that the students prefer shallow or surface strategy compared to deep strategy when learning or solving 
algebra problems. 
 
Table 1:  Students’ level of Cognitive strategy 
 Mean Std. Deviation 
Deep Cognitive Strategy 3.46 .57 
Shallow Cognitive Strategy 3.69 .59 
 
The means and standard deviations of the students’ performance variable are provided in Table 2. The mean of 
overall performance in the Algebra Problem Solving (ALGPS) was 3.304. The students’ score of overall 
performance in the Algebra Problem Solving was computed from students’ total score of Algebra Problems Solving- 
Routine (ALGPS-R) and students’ total score of Algebra Problems Solving-Non-routine (ALGPS-NR). For 
comparing the means of ALGPS-R and ALGPS-NR, both scores were changed to the same unit between 0 to 10.  
The mean of students’ performance on routine problems was found higher (mean=4.63) compared to performance in 
non-routine problems (mean=1.63).  Table 3 provides details of the students’ Algebra problem solving performance.  
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Table 2: Algebra problem solving performance 
 
Routine(R) / Non-Routine (NR) 
problems N Minimum Maximum Mean Std. Deviation 
R1 88 .00 10.00 5.7045 3.46712 
R2 88 2.00 10.00 8.5795 2.39598 
R3 88 .00 10.00 3.4438 3.34917 
R4 88 .00 10.00 .8131 2.11746 
NR1 88 .00 10.00 3.7841 3.44563 
NR2 88 .00 10.00 .4886 1.70189 
NR3 88 .00 10.00 .5682 2.32822 
ALGPS 88 1.29 6.43 3.304 1.1899 
ALGPS-R 88 1.5 9.25 4.63 1.6497 
ALGPS-NR 88 .00 6.67 1.63 4.601 
Valid N  88     
3.2      Students’ level of meta-cognitive strategy 
Table 3 shows descriptive measures of students’ level of meta-cognition. The range of summative scores of the 
meta-cognitive strategy survey was between 0 and 52. The mean of students’ level of overall meta-cognitive 
strategy is 1.7312 (ratings measured were from one to two). Students’ level for each subscale of meta-cognitive 
strategy is itemized in this table. Findings indicated that the mean level of students’ meta-cognitive strategy for  
knowledge subscale is 1.6832, which was rather low whilst the mean score for evaluation and planning subscales 
were higher.  
 
Table 3:  Students’ level of Meta-cognitive strategy 
 Minimum Maximum Mean Std. Deviation 
 
Overall Meta-Cognition  
 
1.46 
 
2.13 
 
1.7312 
 
.11427 
Knowledge 1.29 2.00  1.6832 .14393 
Planning 
Evaluation 
1.41 
1.39 
2.00 
2.00 
1.7253 
1.7727 
.13310 
.14434 
Valid N      
 
3.3 Relationship between students’ level of cognitive strategy and Algebra problem solving performance with 
overall mathematical achievement 
 
The Pearson correlation analysis was used to establish relationship between cognitive strategies, Algebra problem 
solving performance with overall mathematical achievement (refer table 4). The results showed that there is negative 
and very weak correlation between students’ ALGPS with shallow cognition(r = -.134, p = .212). Similar, there is no 
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significant relationship between ALGPS with deep cognition (r = .124, p = .251). Results in Table 4 also showed 
that there is significant and strong relationship between students’ ALGMA (r = .721, p = .000) and ALGPS scores. 
However, there is no significant relationship between ALGMA scores with level of deep and surface cognition.  
 
                                                                         Table 4: Correlation Analysis 
 
  ALGPS Deep Cognition Shallow Cognition 
ALGMA Pearson Correlation .721** .058 -.030 
Sig. (2-tailed) .000 .595 .778 
N 88 88 88 
ALGPS Pearson Correlation 1 .124 -.134 
Sig. (2-tailed)  .251 .212 
N 88 88 88 
   
 
3.4 Relationship between students’ level of meta-cognitive awareness with Algebra problem solving performance 
                 
Results from Table 5 indicate that there is a significant positive and moderate relationship between overall meta-
cognitive strategy with mathematical achievement (ALGMA) (r=.390, sig=.000). However, there is a weak 
significant relationship between ALGMA with all three subscales of meta-cognition (knowledge, planning, and 
evaluation) with r= 0.278, sig=.009; r = 0.291, sig = .006; r = 0.273, sig = .010 respectively. 
 
Table 5: Correlation Analysis 
 
  
Evaluation Planning Knowledge 
Overall meta-
cognition 
ALGMA Pearson Correlation .273* .291** .278** .390** 
Sig. (2-tailed) .010 .006 .009 .000 
N 88 88 88 88 
ALGPS Pearson Correlation .299** .284** .284** .394** 
Sig. (2-tailed) .005 .007 .007 .000 
N 88 88 88 88 
    
    
The result indicated that, there is a positive and moderate significant correlation between overall meta-cognitive 
strategy and performance of Algebra problem solving (ALGPS) (r= 0.394, sig=.000). In addition, there is weak 
significant correlation between ALGPS and meta-cognition’ subscales (knowledge, planning, and evaluation) (r= 
0.284, sig=.007) (r= 0.284, sig=.007) (r= 0.299, sig=.005).  
 
3.5 Differences between students with shallow cognition and student with deep cognition in Algebra problem 
          solving performance and mathematical achievement 
 
The results indicated that students’ mean mathematical achievement of the deep cognitive strategy students (2) 
(mean=7.2) is higher compared to students with shallow cognitive strategy (1) (mean= 6.91). However, there is no 
significant difference in mathematical achievement of students with shallow or deep cognitive strategy, [t(86)= -
0.954, p>0.05]. Results presented in Table 6 indicate that mean score of ALGPS of deep cognitive strategy students 
(mean=3.66) is higher compared to students with shallow cognitive strategy (mean= 3.18). However, the difference is 
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not significant.  This indicates that for both type of students that is, shallow processor and deep processor performed 
similarly in ALGPS and ALGMA.   
 
Table 6: students’ mathematical achievement and performance of Algebra problems solving 
 
  N Mean Std. Deviation Std. Error Mean 
ALGMA   1 60 6.9127 1.13194 .14613 
2 28 7.2000 1.39310 .26327 
ALGPS 1 60 3.1883 1.05142 .13574 
2 28 3.6658 1.40913 .26630 
ALGPS-NR 1 60 1.4111 1.41470 .18264 
2 28 2.0476 1.70864 .32290 
ALGPS-R 1 60 4.5212 1.49990 .19364 
2 28 4.8795 1.93992 .36661 
 
 
Table 7: T-test Analysis  
 
  
4. Conclusion 
 
Performance of problem solving of university students in mathematics is often poor or just on average. This study 
seeks to identify whether students performance is related to the lack efficient cognitive strategies. Findings indicated 
that majority of them are shallow processors thus this may explain on their low performance in Algebra. On the 
whole, the study showed there is no significant correlation between Algebra problem solving performance and both 
kind of cognitive strategy (deep and shallow). In addition, there is no significant correlation between mathematical 
achievement and both kind of cognitive strategy (deep and shallow). This study indicated that there is positive, 
moderate and significant relationship between Algebra problem solving performance, mathematical achievement 
with meta-cognitive strategies and its subscales.  
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